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Discussion. 
The  President. The PRESIDENT moved a vote of thanks  to  the Authors. 

Mr.Rutter. Mr. H. F. RUTTER observed that  he had been designing, making, 
and working  filters  for  nearly 30 years, and  the subject of the 
second Paper was one of great fascination to him  on  account of 
its wonderful complexity. Very  many conditions  governing the 
working of sand  filters  had to ha taken  into consideration, e.g., 
the  amount  and incidence of the previous rainfall,  the tempera- 
ture,  the  amount of bright sunshine, and  many  other factors. He 
thought some writers  on the subject  had been inclined to dogmatize 
a little  too much from their own experience, forgetting that  the 
conditions which obtained with  one  water did not  obtain  with  water 
taken from  other sources. It was  possible to go even farther  and 
to say that water  stored  for 14 days would  behave quite differently 
on a filter  from the same  water  after it had been stored  for 3 months. 
The effect of storage before filtration bore  very much on  the  actual 
process of filtration itself. I n  some respects, so f a r  as the economical 
working of the filters was concerned, it might be  beneficial ; in 
other respects, i t  might be the reverse. One great safeguard  when 
dealing  with  river-water was the elimination of bacterial  life by 
prolonged storage. In London,  storage was  needed primarily  for 
the regulation of the flow of the river which provided the larger 
quantity of the water, and it was a happy  circumstance that incident- 
ally the effect of that storage was to improve the  water immensely 
and  to  furnish safeguards which otherwise would not be present. 
The researches of Dr. Houston were  already  almost classical, and it 
was hardly necessary to mention the  results  he had  obtained,  first 
in a series of experiments,  extending over 12 months, in which 
he  tried  in  vain  to isolate the Bacillus typhosus in river-water, 
and in further  experiments in which he srtificially  inoculated 
river-water  with that bacillus, and watched the progress of the 
organism and  its  gradual elimination from  the water. Briefly, 
98 per  cent. of the artificially  added  contamination was eliminated 
within 4 weeks and  the whole of it within 8 weeks. From  the 
point. of view of filtration, however, another  result of prolonged 
storage  had to be considered-a result  that had  not been observed 
until  the  last few  years,  owing to  the  fact  that it was only  within 
that  time  that ordina.ry  river-water, as distinguished  from moorland 
water,  had been stored for any prolonged period : the growth of 
algE in water so stored  had to be seriousIy considered and combated. 
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The method of combating that evil lay probably chiefly in promoting Mr. Rutter. 
circulation of the water, m d  avoiding anything  like  stagnation. 
There was the possibility also of using  toxic  methods, such as  the 
employment of sulphate of copper. Such  methods  had been tried 
tentatively,  with excellent results. An interesting  fact which  was 
mentioned in the  Paper  but  the reason for which  was not given, 
was, that  the chemical destruction of a l p  was  followed as a rule  by 
it considerable increase in  the bacterial contents of the water. A 
little consideration would  show that that increase was only  what 
might be expected. The  matter which had been organized remained 
organic and afforded suitable  pabulum  for  the  growth of large 
numbers of bacteria,  probably  all of them of a harmless  kind. In a 
similar way experiments  with  filters of sterilized sand  had been 
perhaps sometimes misunderstood, owing to  the fact that  the  sterili- 
zation of the  sand by heat had  only the  result of providing cooked 
instead of raw food for  the bacteria, and  they of course appreciated 
the  attention  and  'multiplied accordingly for a short time.  There 
was one  fact  with  regard  to  the effect of storage which  was not  yet 
generally  known, namely, its effect in softening  water.  The  water 
from the Thames valley was of comparatively  moderate  hardness, but 
a change in  the degree of hardness of that water  had been noticed 
when it was stored in large reservoirs. The  percentage of reduction 
of hardness was as a rule a comparatively negligible quantity. H e  
might  mention  one  interesting occurrence in the development of a 
new station,  with  subsiding  reservoirs  and filters. During  the process 
of ripening  those  filters by letting  water  run  through  and go to waste, 
it was  found  most  convenient to pump  the effluent water bnck into 
the storage-reservoirs, and so round  and  round ; and  in  addition  the 
water  had been standing in the reservoirs for some months before 
it was used. The  result of those  two  conditions, the  long storage 
and  the filtration, was a reduction of the hardness by 50 per  cent. 
It was  probable that  this result was brought  about  by the abstraction 
of carbonic acid from the water  by the growth of it@ during 
storage, with :I consequent  deposition of lime. H e  would like  to 
plead for some uniform  standard  for expressing the speed of working 
of a filter, although  Mr.  Baldwin-Wiseman  had not sinned so badly 
in that respect as many  had done. Gallons  per  square foot or  per 
square  yard, or cubic metres per square  metre,  and  similar expres- 
sions, should be abolished. The best  standard,  when  considering 
only the speed and  not  the yield from an acre, was inches of 
vertical descent per  hour. That could be  converted  mentally into 
millimetres or anything else without  any  abstruse calculation. 
With reference to  the' Author's remarks  as to  the surface film, it 

Downloaded by [] on [11/09/16]. Copyright © ICE Publishing, all rights reserved.



64 DISCUSSION ON WATER-SUPPLY AND FILTRATION. [Minutes of 

Xr, Rutter. was a cheering fact that   at  last  the dogma of the  surface film had 
been  modified. The surface-film dogma was a very curious instance 
of the way in which a half truth, when it obtained a start, was 
very difficult to overtake. A celebrated chemist, whose memory 
was greatly respected, enunciated that dogma many  years ago. 
Whether  his  laboratory experiments did not correspond exactly with 
actual practice, or what  the reason was, Mr. Rutter  did  not know, 
but  the  stress  laid on that surface-film theory was too great,  and 
he was sure  that had that famous chemist been present  that, evening, 
he  would have been the first  to acknowledge it. The biological 
action of a sand filter did not end at the surface. That a very 
large  portion of the bacterial contents of the water was  removed 
a t  or near  the  surface was undoubted, but  the action went on, as 
the  Author  rightly pointed out  in  his Table, where there was shown 
to he a continuous  reduction of the bacterial  contents practically 
down to 26 inches below the surface. The  Author pointed out  that 
a t  1 . 2  inch below the surface  there was still  left  in  the  water 12.5 
per cent. of the original bacterial contents,  and at 2 . 4  inches 
below the  surface  there was still  left 10.3 per  cent. It was only 
when 23.6 inches below the surface was  reached that  the bacterial 
contents were reducecl to 1.09 per  cent. With reference to  the 
method of avoiding or preventing the creep of water down the 
containing walls of filters, in some filters designed by  him  recently 
Mr. Rutter  had adopted that  rational  and excellent method of 
stopping the collecting drains some little distance from the walls 
of the filter, allowing successive layers of shingle to be  placed 
over the out,side of the collecting drains,  and filling up between the 
wall and  the  shingle with  sand, so that  the  sand bedded hard 
and  firm  on  the bottom of the filter and  there was  no  chance of any 
by-passing. The Author's references to recent practice in Germany 
were interesting when the reasons for  that practice were contrasted 
with  the reasons which had led to  the adoption of entirely  different 
methods in many  towns in  Great  Britain.  Taking London as  an 
example of a town using  river-water,  and obliged to provide large 
storage  primarily  for  regulating the flow  of the river,  and comparing 
it with Magdeburg, which had been recently  reforming its water- 
supply  from the Elbe, the problem to be  faced was quite  different. 
I n  Magdeburg they had an unlimited quantity of water,  but water 
contaminated to a considerable extent with salts, and somewhat 
badly contaminated with sewage. I n  order to avoid the vast  capital 
expenditure involved in  the construction of reservoirs in very 
unsuitable  country,  they  had  adopted - he thought wisely - the 
Puech-Chnbal system of multiple  filtration, a system of passing 
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water  over successively finer beds of graT-el, then  through  a pre-filter Mr. Rutter. 
in which the algal spores  were  removed  from the water,  and finally 
through a filter of fine sand in which the  water was finished off and 
the remaining  bacterial  contents  were removed. An undoubted 
advantage of multiple  filtration was the regularity  and  uniformity 
of the bacteriological results. 

Paper on the accuracy of his results. Doubtless, like  other  Papers, 
it contained much of interest while  leaving out something  more 
interesting which could  be expiscated  only  under discussion. Such 
Papers, as a  rule, could not be applicable  generally, for when they 
were  applied to individual instances, there was generally a weak link 
in the chain of argument.  The  Author  referred to  the  quantity of 
water  per head of population-than which,  by  way of compsrison 
between  one  town and  another,  there was nothing really more 
fallacious, unless the town or the county, and  the circumstances of 
the town or county, were known. For instance, there was Shefield, 
with  its 12 or 13 gallons  per  head per day for domestic purposes, 
and 9.73  gallons  per  head  per  day for trade purposes,  and Glasgow 
with its 54 gallons  per  head  per  day.  Doubtless the Scotch were 
great wasters of water, but Glasgow, like Sheffield,  was a very com- 
mercial  town.  There  were three  things  to be considered.  The first 
was the commercial or trade consumption. Glasgow required 20 
gallons  per  head  per  day for purposes other  than domestic, while 
Bradford  required 21 gallons  per  head  per  day for purposes other 
than domestic, and 20 pllons for domestic,  public  health,  and  many 
other purposes  for which the water-administration  had  to  provide, 
making the  total consumption  41  gallons  per  head  per  day.  The 
second point was the absence of a standard.  An  endeavour was 
being  made by a  committee to  bring waterworks  administrations 
into line. For instance,  in  water-closet  supplies some towns insisted 
on the cistern-flush being  2 gallons, while another town put tl:e 
standard at  24 gallons, and  another a t  3  gallons;  thus  bringing in 
inequalities  which could not be reduced to a common unit,  any more 
than it was  possible to say that 30 gallons, 40 gallons, or 50 gallons 
per  head was so much waste,  without  knowing the conditions  under 
which the  water was being  supplied. Sheffield did  not seem yet  to 
be quite a water-closet city, because he  found that there was only 
one  water-closet to  about  ten  inhabitants,  and only  one  bath t o  
about  thirty-four  inhabitants.  There  again were  conditions that 
affected the  question of what was waste in one  town  and  saving in 
another. I n  one of his  Tables the  Author gave the delivery of a 
33-inch pipe, mentioning the  length  and  the  frictional head 

Mr. JAMES WATSON desired to compliment the  Author of the first Mr. Watson. 

[THE INST. C.E. VOL. CLXXXI.] F 
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M ~ .  Watrroa. consumed in  the delivery ; but one interesting  point was omitted. 
Sheffield water was soft, and,  as was  well known,  had the  habit 
of causing  troublesome  incrustation  on the  interior of a cast- 
iron pipe. London  pipes  were  not  subject to  that  to  any large 
extent, owing to  the  water  containing  a much  larger  proportiou 
of lime  salts  than  the moorland  waters of Yorkshire  and  Lancashire 
contained. It would  be interesting,  therefore, if the  Author would 
say what was the age of the 33-inch  and.24-inch pipes, and  whether 
he  had  found that  the Sheffield waters caused the deposits that 
were so detrimental  to  the delivering-power of every  cast-iron  main 
through which  soft  water was supplied. On a  computation of the 
delivering-power of the main  he  found that it agreed  almost  exactly 
with that given  by the  formula of Eytelwein, so well put together 
by the  late Mr. James Leslie, of Edinburgh. For the 33-inch  main . 
the difference was only  a  few  thousand  gallons  per day-7,000,000 
gallons as  against 6,840,000-and in  the case of the 24-inch  main 
the formula  gave an exceedingly  near  approximation to  the  Author’s 
figure. If the pipe was a t  all  incrusted now, then  the application 
of that formula  when the pipe was newly laid would have  under- 
estimated the delivering-power-a safe thing  to do where soft 
water was in use. Experiments were being  made by testing new 
pipes, 36-inch  pipes for instance,  forming  long  inverted  siphons 
through which  water passed a t  considerable velocity, in order to 
ascertain  exactly  the coeflicient necessary for calculating the  reduction 
in delivery throughout  the  life of the pipe, and hence to  determine 
what size of pipe  should be laid. Another  interesting pRrt of the 
Paper was that which  described the  treatment of water  in  order 
to  prevent plumbisolvent action. I n  Yorkshire  most of the moor- 
land  waters  were  acid a t  certain  times,  and  many of them  were 
so all  the  year  round,  and  as years  went  on it was very important . 
for medical officers of health  to discover what effect the action 
of untreated  water  on the  hundreds of miles of lead service- 
pipes  laid in large  cities  had  on the health of the community. 
Sheftield arrived  very  early a t  the solution of this difficulty : to  the 
authorities  there  all possible credit was due, and  he was  pleased to 
see that Sheffield had  obtained  through Mr. Marsh a machine for 
t.reating the water  with  chalk in order  to  prevent its action  on  lead 
pipes.  On the wall was a  diagram (Figs. 1) of an  automatic  machine 
he himself had  invented for the  treatment of peaty  water.  Thornton 
Moor water, at   the Bradford  waterworks, was highly acid, and con- 
siderable  trouble  arose  with it, His first recollection of treatment 
a t  Sheffield  was that  in 1892  they  were  doing  what  a  borough in  the 
south of England had done until  a few years ago : a  man  with scales 
put so many ounces of carbonate of lime into  a pail of water  and 
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31r. Watson. emptied it into  the Redmires  aqueduct. At  the Engineering  Con- 
ference of The  Institution  in 1904 he  ventured  to say that  that 
method was rather expensive and  uncertain.  The  question really 
was, what was the best  automatic  method of applying desiccat,ed 
chalk-containing practically 98 per  cent. of pure  carbonate of lime 
-to the  water : the most satisfactory as well as the cheapest  method 
in  administration Z According to  the  Author's method a quantity 
of chalk was placed in  a vessel, and by a continuous  dredger the 
chalk was taken  up  and deposited in  the  cistern outside, and so 
mixed with the water. He would like  to know  what quantity 
of chalk the  Author  put  into  the vessel, whether the mixing of 
the chalk with  the  water was continuous, and  in what  proportion 
it was added. With  that information it could  be readily  ascertained 
what  the scoops  were doing, and  whether  the lime was being  equably 
applied to  the water, because that was really one of the first essentials. 
Over-dosing a t  one time  might be  followed by  under-dosing a t  
another,  and  in  that way the whole benefit would  be lost, more 
especially if the lime w-ere applied, not to water going into  the 
reservoir or to  the filter-beds, but  directly  to  water  about  to be 
distributed. His own machine,  which was very  simple in operation, 
was driven by a little water-wheel.  The  chalk was put  into a hopper 
at 6 a.m., the door  was  locked, and  another charge was put  in  at 6 p.m. 
At  first there was great difliculty in  getting  the rollers to work. 
He fluted them, and  then crossed them,  but  had  no success until 
he  made  them  absolutely  plain and polished.  The  churn-arm and 
rollers mere driven by a  small  water-wheel.  The  feed to  this wheel 
could be regulated  within  limits  to  a  constant speed of revolution, 
usually  six  revolutions  per  minute. By means of screws the two 
rollers could  be adjusted so as to allow any desired  opening, the 
orifice between  them  being so regulated as to  permit of the passage 
of 2, 3, or any  other number of grains of chalk  per gallon. The 
necessary  opening  had to be  discovered by trial,  and  then  the  thing 
went  on  continuously, the lime  being  delivered in a thin film to  the 
churn  and  the  churn  giving  out milk of lime, which  was then mixed 
with  the raw  water  and  sent  along  cast-iron  troughs  fitted  with 
baffle- or mixing-plates, and so carried to  the filter-beds. Three 
grains of lime to  the gallon  were used, t u t  no  chemist  had  ever 
been able to find that  the added 3 grains  impzrted  more  than f grain 
per  gallon to  the hardness of the water, and some engineers wondered 
what had  become of the many  thousand  tons of lime that had been 
put  on  to  the filter-beds, because the  skimming of the beds had 
never  shown a lime film of any  great thickness,  although the  tem- 
perature was considerably  higher. He had  no  doubt that oxidation 
and  incineration  took place. The  water was more than  saturated 
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with 39 grains  per gallon. Sir James  Dewar and  he had thought MZr.Wntson. 

in 1892 that  that was the first automatic  machine  for  the  application 
of carbonate of lime to  water  to prevent its  action on the walls of 
lead pipes, and  therefore it would  be interesting  to know  when 
the automatic  machine  shown by Mr. Marsh was put  up  at  the 
Sheffield waterworks. 

placing  on  record the results of the very  careful  observations  he  had 
made in connection  with the Sheffield water-supply. As a rule i t  
was  difficult to  obtain such  information  with  regard to large  works, 
owing to  the supply  being split  up by differences of level and different 
zones of supply. He was surprised to find that  the Sheffield  people 
were satisfied with 104 gallons  per  head  per  day for domestic  purposes ; 
he would not  like to suggest that  they did not wash  sufficiently, 
but probably they did not  drink  very much ! The  hourly  variation 
of draught  (Fig. 2, Plate 1) was very  interesting,  having  in view 
the very  small amount of leakage which must be taking place in  the 
system of mains. The  variation in flow extended  from  about 40 
per cent. below the mean, a t  night,  to 44 per cent. above the mean, 
in  the middle of the day, an unusua.lly  small  range. As the leakage 
was so small, one would expect the range to be  much greater. 
With regard  to  the  incrustation of pipes, the large  mains  bringing 
water  into Leeds  were  reduced in carrying-capacity by one-third 
in 30 years. They  were  afterwards scraped and pitinted on the 
inside, and  the carrying-capacity was thus restored to  its original 
figure. In regard to  rainfall, it was of interest  to  note  that  the 
average rainfall over the long  period of 71 years was important as 
marking the accuracy of the accepted rule  that  the average  rainfall 
for the  driest  three consecutive  years was 20 per cent. less than  the 
mean. In   the  years 1853-55 the  rainfall averaged 32.99 inches, 
while 20 per cent. deducted  from the average  gave 32.4 inches, 
which was very  near. I n  1887-89 the average was 33.8 inches. 
In  most of the  Yorkshire moorland  districts  those  three  years  were 
the  driest on  record, but  they did  not  appear to be so in  the 
particular watershed  under discussion. It appeared from Table I1 
that  the losses by  evaporation  and  absorption,  averaged  over 29 
years, worked out a t  14.23 inches  per  annum, and  in one of the . 
Tables the  Author gave the losses by absorption,  percolation, and 
evaporation as percentages of the whole rainfall. Mr. Silcock 
ventured  to  think  that  the  application of a  percentage to  such 
losses  was not  correct in principle. He  believed these losses ranged 
from 13 inches to 19 inches  per  annum, and were  altogether  inde- 
pendent of the rainfall.  Usunlly the highest losses took place 
when there was the least rainfall.  Taking  the  three  dry yewrs 

Mr. E. J. SILCOCK thought Mr. Marsh  had  done  useful service in m. Silcock. 
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l fr .  Silcock. 1887-89, the loss worked out  to  14.29 inches, which practically 
agreed  with the  average for the 29 years. By Table 111, it was 
15.6 inches in 1904-5, when there was a drought,  and by  Table IV 
it was 14.87 inches, in  the drought of 1901.  Practically it had 
remained at  a  constant figure somewhere  between 143 and  15 inches 
for the whole period  under  review. In   the Leeds  waterworks, in  the 
three  dry years 1887-9, which had  an average rainfall of 32.4 
inches  per annum,  the loss by evaporation, etc., was 13.4 inches; 
and in 1896-1901,  when the rainfall  averaged 36.74 inches, there 
was a loss of 13-99 inches. The  gathering-ground was similar in 
character  to that of Sheffield.  On the  Exmouth  gathering-ground, 
which  was new  red  sandstone, the average annual  rainfall was 
26 inches, and  the loss by  evaporation, etc., 19 inches. 

Nr.Laing. Mr. J. R. LAING  exhibited the following  Table,  prepared  from 
Mr. Marsh's Paper,  with  reference  to the minimum  storage  required, 
based on 29 years' observations at Redmires (1879-1907). The period 
1887-89 was the driest  3  years of the  rain-gauge  returns,  but  not  the 

Inches. 

37'5 
18.0 
13.0 
11.5 
10.0 

8 . 6  

Xillion 

2,571 Acres. 
Gallons for 

2,187 
1,050 

758 

583 
670 

495 

--__ 
-j_ 

KO. of 
Days 

Supply. 

523 
261 
196 
181 
164 
146 

driest 3 years of the produce. I n  order to  get 1 inch  per annum 
more than  the  driest  3 years, storage of about  an  additional  88 
million  gallons would  be required. It would  be unreasonable to 
take  the whole 29 years' average,  seeing that it meant over  500 
days'  storage of that average. 

NY. Latham. Mr. BALDWIN LATHAM considered that  the  Paper on the Sheffield 
water-supply was of considerable  value in giving  for so many 
years the  quantity of water  produced by the  rainfall flowing 
into  the reservoirs. It showed on0 very important  thing. Many 
people imagined that  in a dry season there was a large  amount of 
evaporation, but  the  Paper  distinctly proved that  that was not so. 
I n  1887 there was a rainfall of 24.78 inches, and  the yield of 
the  stream was 15.50 inches, SO that t,here was an absolute loss, 
in  that very dry  year, of only  9 * 28 inches. I n  1903 there was a 
rainfall of 47.65 inches, almost  double the  rainfall of a dry year, 
and  the yield of the  stream was 29  39 inches, the loss being 18-26 
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inches : showing that  the loss  by evaporation in a  wet  year was Mr. Latham. 
double  what it was in a  dry season. That  ordinarily occurred in  a 
number of stream-gaugings  he  had been carrying  on  for  many  years 
past. I n  a  very  dry  year  there was not  the  water  to evaporate, and 
that was the reason why a  very  small amount of evaporation  occurred 
in very  dry periods. If the evaporation  from a water-surface were 
measured it would  be quite a different  thing from  measuring 
evaporation  from the surface of land. With reference to  the 
question of the application of lime to water for the prevention of 
plumbism, for many  years  past  he  had in such cases made  use of the 
filters  for  the  purpose of correcting  plumbism.  The  sand was 
mixed  with  finely-broken  limestone of a good grade, a 2-foot  depth 
of sand  being  mixed  &h  one-half of limestone.  The  filter was 
protected  with  a  layer of sand 12 inches in depth ; the water passed 
first through  this,  and  then  through  the  sand  and limestone, and 
that process entirely  cured  plumbism in the  district. I n  all  the 
early  experiments,  which  were  made by using  limestone  directly 
in contact  with the water exposed to  the atmosphere,  a  coating 
or growth was  produced on  the limestone, and  the  water ceased to 
act upon it ; but  there was no  such  eEect when the limestone was 
applied as  he had  mentioned, and  therefore that was an effectual 
and simple  remedy  requiring  no  machinery. 

With regard to  the  Paper on  filtration,  more than 50 years  ago 
he was ordered by the General  Board of Health  to make an 
elaborate  series of filter-experiments in  the  city of Ely  with the 
waters of the  River Ouse. Those  experiments were carried  on  for 
many  months  through  the  best filtering sand in  the country- 
Lowestoft  sand. Nothing was then known about bacteria, and  the 
waters  were  tested  with  regard  to the removal of the suspended 
matter.  Experiments  on the effect of sedimentation showed that 
a  very  large part of the work  might be done  merely by that process. 
There was one filter under  a  constant  head of 2 feet,  with 6 inches 
of sand,  and  another  filter  under  a  similar head with 5 feet of 
sand ; and it was found at   the end of 30 days that  the deep filter 
passed and purified  much  more  water than  the shallow one.. The 
reason for this was that when the filters  started,  an enormous 
quantity of water passed through  the shallow  one, which  closed its 
surface  and  restricted  the  rate of filtration ; whereas in  the deep 
filter  there was no such  restriction,  and  consequently the water 
went  through  in much larger  quantity,  and was more  perfectly 
filtered. He thought  both  Papers were of great  value-only,  the 
filtration-experiments  had been carried out  with  water that did not 
require filtering, and  therefore the second Paper did  not really give 
the  results  that would have  been  obtained  from  water  requiring 
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Xr.Latham. filtration. He had  no  doubt that  the white  sediment shown on 
the filters was due to  the  filter removing some particles of lime 
from the  water. Everyone  knew how beautiful  the colour of 
softened  water was, a colour said to be due  to  the  particles 
suspended in it, like the blue colour of the sky. 

>fr. Hennell. Mr. THOMAS HESNELL observed that all the calculations on the 
subject of the working of filter-beds presupposed  two things : that 
the flow should be a t  a  uniform  velocity through  the bed,  and that it 
should be equal through  all  parts of the bed.  Those things depended 
upon others, among which  were, the manner  in which the  water was 
put on to  the bed,  and the  manner  in which it was taken away. The 
different modes of putting  the  water on to the bed so as to  cover 
all the surface  had their  advantages  and disadvantages, but  he 
would  confine  himself to  the way in which the water was taken 
away. He had  been  formerly  under the impression that  water 
required to percolate freely through  a  sand filter, and  to come away 
a t  the bottom level. He found, however, that  that was not the 
case. The practice, on the contrary, was to  let  the  water go 
through the bed and  rise  up  again  somewhere outside, generally in 
a tank or reservoir  made  for the purpose,  where it could rise to 
the level from which it had started  and generally rose to 12 inches 
or perhaps 2 feet below that level. Finding  that was the practice, 
he  had concluded it to be the universal practice, and  therefore  he 
had been surprised,  when  going over a  small  waterworks in 
Devonshire, to find a  group of beds constructed precisely in  the 
way he  first imagined to be coh-ect, namely, the water was passing 
through  the beds into  a clear-water tank,  the roof of which  was 
level with the bottom of the filter-beds. He did  not  suppose 
that was a  solitary  instance in England or in  other countries, but 
of course it was not  the usual practice. He  could not help thinking, 
however, that where the levels of the  ground were adapted  to 
that form of construction it might be the best, for it had  the 
great  advantage that  the  rate of filtration  must be always the 
same. If, on the  other  hand,  the  water were  rising  into  a  tank 
from which it could  be drawn  intermittently or irregularly, the 
filtration-head of course varied. One  reason  for  having the  tank  at 
the higher level was stated by Mr. Baldwin-Wiseman,  namely, that 
the  water of the clear-water tank could  be  used for filling backwards 
the lower part of the filter up  to  the sand level. He could quite 
appreciate that, because it was a  very good  way of filling beds after 
they had  been  emptied ; but  he doubted  whether the clear-water 
tank was altogether justified for that use only. If that had to 
be done in  the case of a  pumping works, it could be done  equally 
well by a smaIl pipe taken back from the rising  main  into a 
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cistern  and so into  the beds a t  the  sand level or any level desired. Mr. Hennell. 

If a clear-water tank'  was not  required for that purpose,  he 
hardly  saw  where  its  utility  lay in a general way. A tank 
in  this position, even if of considerable size,  could very seldom 
be used as a service-reservoir, because  such a reservoir must be 
nearer  the  area of distribution  in  order  to equalize the irregular 
consumption a t  different  hours of the day, and  filtration-works  were 
seldom near  enough to  the  area of distribution  to  render it possible 
to combine the two in  that way. That being so, he failed to see the 
use of a  clear-water tank  at all, and when  he was constructing  works 
of the  kind, where  water  had to be pumped  from filter-beds to  the 
supply,  he  omitted i t  altogether  and  simply  put a well from which 
the engine could draw the water. He did not see that  there was any 
objection to  that course, because although filter-beds could  go on 
working after  the  engine  had stopped, the capacity of the beds must 
be determined by the capacity of the pumps to deliver the water. 

Sheffield water-supply was too  modest in his  first  paragraph, 
' because the details  given in  the  Paper were  as interesting as, and 

a great deal  more instructive  and useful than, bald statements  as 
to  the  construction of works, or a  mere  description of works  when 
constructed. He  had  been  struck-although  he had known it before 
-with the  extraordinarily low consumption in Sheffield,  of only 
a  little more than 22 gallons  per day  per  head  for  domestic  and 
trade purposes.  Birmingham  consumed 25 gallons  per  head  per 
day, of which 9 gallons was for  trade purposes and 16 gallons for 
domestic  purposes. He had been  comparing some diagrams  with 
the clock diagram  given in  the  Paper,  and it appeared to him that 
for  large  manufacturing  towns  the  latter was a  fairly typical 
diagram. It was very  different  from  a  diagram  for  a  domestic 
supply in a residential  district, but  it agreed fairly well with  other 
diagrams for large  towns. Mr. Watson  had  already  referred  to  the 
ratio between the  population  and  the  number of water-closets. 
Mr. Lowcock had taken  out  the figures in  another way, and  it 
appeared that only 47 per cent. of the houses in Sheffield had 
water-closets, and only  one  house in seven had  a  bath. It was 
difficult to compare  a  consumption of water such as  that of Sheffield 
with  the consumption of water  in  towns where the  majority of the 
houses had proper sanitary  arrangements  and  a very  large  and 
increasing  proportion  had  baths. He  would like the  Author  to give 
one  more figure relating  to  the inspections, in connection  with 
which a vast  amount of work was done. I n  1907, 409,000 houses 
were  inspected, and it would  be interesting  to know how many 
inspectors  were  required.  The figures of course  included  fittings- 

Mr. SIDXEY R. LOWCOCK thought  the  Author of the  Paper on the Mr. Lowcock. 
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m. Lowcock. inspectors as well as  waste-inspectors.  The fittings  must be kept 
in extremely good order  with  the  head  they  had  to  withstand,  and 
that, he  thought, was one of the secrets, if not  the secret, of the low 
consumption-the effective inspection  which  took place, In   that  
connection it had  often  occurred to him that engineers  and  managers 
of waterworks  might  very well have written  up  in  their  o6ces  the 
axiom : “ Look after  the waste, and  the reservoirs will  look after 
themselves.”  The Author suggested  a  larger  storage-capacity, and 
in  the  next  paragraph gave the  total  draught on the reservoirs in 
1907 as 5,228  million gallons. The  total capacity of the reservoirs 
as given  on the  next page came to 5,7373  million gallons, rather over 
500 millions more than  the whole yearly  draught.  That  had  to 
be considered in relation  to the consumption  per  head of popula- 
tion, because although it amounted  to more than a  year’s  capacity on 
the very  small  consumption, if that consumption  were  raised to such 
a figure as  in  London, of 31  gallons  per  head  per  day, the storage 
automatically  went down ; hence it was not safe to base any figures 
on that without  bearing that fact in mind. I n  any case, it appeared 
to him that Sheffield had  ample  storage-capacity, and  he did not 
quite see the force of the Author’s  suggestion in  the Paper.  Dealing 
with the rainfall at  Redmires, the figures showed that  the maximum 
exceeded the average  by  nearly  one-half, and  the minimum fell 
short by more than a  third.  That was what the  late Mr. Symons 
had laid down as a  law  many  years  ago, and it was very  satisfactory 
to see the agreement.  The  next figures also bore out Mr. Symons’s 
conclusion. The average  rainfall  for  the 36 years 1872-1907  was 
41 -375 inches, and  the average of the  three  driest  years was 81 -75 
per cent. of the mean. The  usual rule was to deduct  one-fifth  from 
the average, that was to  take 80 per cent. of the average  rainfall ; 
and  the  Redmires figures were within  1.75 per  cent. of this.  Turning 
to  the Tables at  the end of the  Paper, he wished to emphasize  what 
Mr. Baldwin Latham  and Mr. Silcock had  said as  to  the  mistake 
of expressing  percolation and  evaporation  as  a  percentage of the 
rainfall.  They  had  nothing to do  with the rainfall. I n  a Paper 
which he read in December, 1909, to  the  British Association of 
Waterworks  Engineers he  had  endeavoured to make it clear that 
the one thing  evaporation depended  upon was solar radiation  and 
the  duration of such  radiation. He said that  not  on  the  strength 
of the Tables, but  rather  in  spite of them, because on  working  them 
out  he found rather  an  extraordinary coincidence. I n  Table IV 

In the advance proof of Mr. Marsh’s Paper,  Table IT: covered  only the period 
27 April-9 Nov., 1901. Since  the discussion took place the  Author has  extended 
the Table to cover the  entire year.--SEc. INST. C.E. 
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the evaporation  and  absorption  during a period of drought  in 1901, Mr. Lowcock. 
expressed as a percentage of the rainfall, was given as 62 per  cent. 
The  evaporation  and  absorption  had  no  doubt  been  arrived a t  by 
deducting the yield of streams  from the rainfall. I n  Table 11 the 
produce of the streams in  the nlaximum  year,  1880, was 69  per  cent. 
of the rainfall, in  the minimum  year, 1887, it was 624 per  cent., and 
in  another wet year,  1903, it was 61  per  cent. That suggested that 
the  evaporation  had  something  to do with the rainfall,  but it was 
merely due  to a series of coincidences that  the figures came out as 
they did. The loss in each  case  was very  different. In   the wettest 
year  there was a loss of nearly 16 inches, while in  the  driest  year 
there was only a loss of 9 inches, and  in  the  other  year, 1903, there 
was a loss of 18 inches. Probably the only way to  get  at  the evapo- 
ration  from  the  surface of the ground was  by deducting  the yield 
from  the  rainfall ; that might be true over a  considerable  period, 
but  taken  month by month, as in Tables I11 and  IV,  the figures 
were  obviously quite incorrect. For instance, in Table I11 in May, 
1905, there was an evaporation  and  absorption of -0.66 inch, and it 
was quite impossible that  any precipitation of dew  could produce that 
effect. What it meant was, of course, that  the water  contributed  to 
the reservoir was  flowing out of the ground-was in  fact  stored 
in  the vegetation  and  in  the surface of the ground  itself. He did 
not  think  the figures gave any  information at  all, and  the same 
remark applied to Table IV.  Having criticized the  Paper  in  that 
way,  he would like  to  congratulate the  Author  and  the  water- 
works-authorities  on the  statement  that  the Corporation of Sheftield 
had  decided,  on the Author’s  recommendation, to erect  recorders 
to measure  continuously the  quantity of water  passing to  waste. 
If a11 authorities  having  large water-collecting  areas would have 
similar  recorders erected, and would  allow their officers to make 
public the results, it would  be of enormous  advantage  to  those 
who needed to  make use of them. 

Turning  to  the  Paper on filtration, he  would like  to  support Mr. 
Rutter’s view that it would  be much better if the measurements 
could be expressed in a uniform  manner. On  p. 21 the  Author gave 
the  rate of discharge in gallons  per  square  foot  per  hour,  while  on 
another page  he  gave  cubic feet per square  foot per hour,  and  in 
another place gallons  per  acre  per  day, Mr. Rutter had  suggested 
that  the  rate of flow should be expressed in inches, but Mr. 
Lowcock thought  there should  be  one  nomenclature  for the whole, 
which would serve for the expression of both  rates  and  quantities. 
To  his  mind the most  useful figure was the  rate  in gallons  per 
square  yard  per 24 hours,  The whole of the  Paper on  filtration 

Downloaded by [] on [11/09/16]. Copyright © ICE Publishing, all rights reserved.



76 DISCUSSION ON WATER-SUPPLY AXD FILTRATIOS. [Minutes of 

>h. Lowcock. was extremely  academic.  There  were in it a  number of points which 
might be discussed with  great  advantage,  but he  did not  quite see that 
it mattered  what was the thickness of film produced  by a perfectly 
pure  water  running  through  the filters, because in practice such 
very  different  conditions  had to be dealt  with.  As to  the filling of 
the  filters  after  they had  been  scraped or resanded, the  Author 
seemed to be in favour of filling them from the top  downwards. 
With  that he  did not agree. It appeared to him to be  much 
better,  and to cause much less disturbance in  the body of the  filter, 
to fill it from the bottom ; in fact,  when  only  skimming or scraping 
\vas being  done,  he  did not  think  the  filter  ought  to be emptied 
altogether ; some  water  should be left  in  the bottom of the filter, 
the water  being lowered only so far that  the surface was firm  enough 
to work  upon. He had never  been  able to see that  there was any 
difference in  the solidification of the sand  whether the water was 
put  in  from  the bottom or from the top, but  there was a great 
difference in  the disturbance of the surface and  the body of the 
filter. It was  well known that sand  under  water occupied the  least 
possible space, and if the filter were filled from  the bottom, the  sand 
would settle down quite as well as or better  than if it were  filled 
from  the top. On a flat, sandy  seashore  when the  tide was out  the 
sand  appeared  wet  on the surface, but when  trodden  upon it became 
dry  around  the foot, not because the water was driven  away, but 
simply because the sand  had occupied before the smallest  space 
possible, and  the pressure of the foot  disturbed  the  grains of sand 
and opened the interstices,  allowing the water to filter in : directly 
the foot was taken away, the sand  settled down again. He noticed 
that  the  Author  did  not say anything very  definite as to the 
time  during which  water  should be allowed to run to waste after 
re-sanding  and scraping. With regard to the cost of washing the 
sand, 64d. to 7d. per  cubic  yard  appeared to him to be very low ; 
from the Paper it appeared that  this cost included taking  out, 
washing and replacing, but  he had  never  known it done as 
cheaply, and  thought  there  must be  some mistake in  the figures. 
It would  be much  more  useful if, instead of the cost per  yard of 
sand  washed, the cost per  million  gallons of water filtered were given. 
The  Author  referred to variation in  the bacterial efficiency of a filter 
and  to  the  amount of dissolved oxygen  being less in summer than 
in winter.  Surely that was largely, perhaps  entirely,  due  to the 
activity of the  nitrifying bacteria. He noticed that  the  Author 
referred  to  oxygenation of water  and oxidation of water, but those 
two things appeared to him to  be  quite  distinct. He spoke  with 
some  diffidence in  the presence of Dr.  Rideal, who might  have 
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something to say  on the subject, but oxygenation seemed to  him Dlr. Lowcock. 
to be supplying  free  oxygen to  the water,  while  oxidation 
was not  oxidation of the water but oxidation of the organic 
matter  in  the  water,  and was really a deoxygenating process. The 
nitrifying bacteria  took up  the oxygen from the  water,  and com- 
bined it with  the  nitrogen of the ammonia into which the organic 
matters  had been broken  down,  producing nitrates,  and  that process 
deoxygenated the water.  The process depended  very  largely  on the 
temperature, so that it was quite  natural  there should be less 
dissolved oxygen in  the filtrate in summer than  there was in 
winter, if there was any considerable quantity of organic matter  in 
the water to be filtered o u t a n d  that was the only  object of the 
filters. It was quite possible that  the  diurnal  variation was also due 
to  the  temperature of the water, the absorptive  capacity of the 
water  varying  with its temperature.  The same thing applied 
to  the  statement  on  the  next page  about covered filters, where 
the increase in  the number of bacteria in  the filtered water 
was due to  the  surface film being  prejudicially affected in  the 
winter  time simply  by the temperature. With regard  to  the 
film, he was not a t  all  certain  that  the  Author was right  in 
saying that  little or no film  was formed in sprinkling filters. 
The film  was not formed  on the surface in  the same way as 
in  the ordinary slow sand filters, but  the  area over  which the film 
had the opportunity of forming was so vastly  increased in ft 

sprinkling  filter  that it was quite possible there was as much, if not 
more, film, only it was not seen. With regard  to  the machines 
described by the  Author  and by Mr. Watson, it appeared to him 
that  the process adopted a t  Sheffield and a t  Bradford was infinitely 
better for hardening the water than  putting limestone into a filter. 
With  the machines, the  quantity of water flowing out of the 
reservoirs was known, and also how  much had  to be treated,  and jt 
was  possible to  put  in  a definite quantity of carbonate of lime, or of 
whatever was being  used, to every gallon. When limestone \vas used 
in  the  filter, it had to be put  into  the body of the  filter,  and, if it  
had  any effect a t  all, in course of time it was dissolved and  there 
were  no  means of knowing  when it was  dissolved away,  unless the 
bed  sank  and called attention  to it, or the water  were  analysed 
continually  for  the  vegetable  acids which were  intended  to be 
neutralized. It gave a false sense of security. Further, when the 
limestone was all dissolved it was necessary to  take  out  and remake 
the whole of the filter. It seemed t o  him better  in every may to 
put  in  a definite dose of lime or other  neutralizing  agent by means 
of a machine. 
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Sir. Macaulay. Mr. F. W. MACAULAY remarked that  he was  pleased to see in 
the Sheffield Paper records of rainfall, because it was important 
that  what was being done by  certain  municipal  corporations to 
ascertain  the yield from  their watersheds should be  made  known 
as widely as possible, if only as  an example and incentive to  other 
corporations who had  not  started such records. H e  would like 
to know how many gauges  had been established on the Rivelin 
and  Redmires watershed and  what steps  had  been taken  to 
ascertain that  they represented  fairly the average  rainfall  over 
the whole watershed ; also what steps  had been taken  to gauge the 
overflow from the reservoirs. To a certain  extent  the  nature 
of the watershed  was important in connection with such figures. 
Owing to  the serious difficulty of measuring the enormous volumes of 
water  that  had  to be dealt  with,  the  results  from figures of that  kind 
could be  only  approximations, and too much care could not be taken 
in arriving at those  approximations,  in  order that  they might  not 
be  actually  misleading.  The  Birmingham  Corporation  had  made 
a laudable  endeavour to ascertain the  true yield of their  Elan 
Valley  watershed. For the  last 2 or 3 years they had  had  fifteen 
rain-gauges-increased this  year  to eighteen-established on the 
watershed at points selected by Dr. Hugh  Robert Mill. The  results 
were collated annually  by Dr. Mill with  those of observers in thP 
immediate  vicinity  outside the watershed, and  from  them isohyetal 
lines were drawn,  by  means of which it was  hoped to obtain 
fairly correctly the average  rainfall  for the year over the whole 
watershed. At  the Caban  dam, the lowest dam of the  three  in  the 
watershed, there was a recorder a t  each end, and all other outgoings 
were carefully measured. The  system  had been in operation  for 
so short a time  that  there were as yet  no figures of any value with 
regard to  rainfall. A little  doubt was felt sometimes as  to whether 
the fifteen gauges would give the  true average  rainfall  for  the whole 
watershed, but it was  hoped that  they would, with  the precautions 
that had been taken. One or two  gauges only, however, would have 
been absolutely misleading. There were falls ranging from 50 inches 
to 77 inches in one  year on  the 45,500 acres. At  the Caban dam it 
was found that one  recorder would not give a true average figure 
for the water  going  over the  top of the dam,  because the water was 
often appreciably  higher a t  one  end of the dam than at the  other, 
according to  the force and direction of the wind.  Recorders placed 
at both  ends would, it was hoped, enable a fair average figure to be 
obtained. H e  thought  the recorders were valuable as showing the 
rate  at which the  rainfall reached the reservoirs. This  varied  on 
different watersheds, and it was an  important  thing  to  take  into 
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account.  Avemges of rainfall  ought,  he  thought,  to  be  treated  with Mr. Macaulay. 
a  certain  amount of caution, becanse there was no  doubt  that,  for 
rather obvious  reasons, in a  dry  year  the yield  formed  a  very much 
smaller  portion of the  total  rainfall  than  it did in a wet year; 
there was more'evaporation,  and he thought Mr. Marsh's figures 
bore that  out  as  far  as  they went. 

The  Paper on  filtration covered a  vast  amount of ground. With 
reference to  sedimentation,  he  did  not  know  whether  the  experience 
at Frankley-the  Birmingham end of the aqueduct-was peculiar, 
but  there  there was a  service-reservoir  holding 200 million gallons, 
and  although  mechanically that reservoir was absolutely  necessary 
for balancing, bacterially its effect  was that  the water was worse 
than  that which  flowed direct  from  the  aqueduct.  Whether that 
was due  to  the  proximity of a  large  town  or  to some peculiar 
characteristic of the water  he could not say. Filtration was a very 
complicated process, and  he did not suppose  anybody  had  ever  got to 
the bottom of it, so that  any  experiments  or  data which tended to 
throw  light upon it were  very welcome. It seemed to him that 
Mr. Baldwin-Wiseman was a  little  contradictory in some parts of 
his  Paper. I n  one or two places he  spoke of the necessity  for 
regulating the flow  of filter-beds at  a  fairly slow rate,  and  in  other 
places it might  almost be imagined that he  thought  the  rate of 
filtration  depended  on the velocity a t  which the water could  be forced 
through  the sand,  such  velocity  being  due  simply  to the head and  the 
permeability of the sand. His experiments  had  all  been  carried  out 
on  the same lines, and  Mr.  Macaulay could not help thinking  that 
if water were poured  on  to  a  layer of sand in a pipe of very  small 
area,  and  drawn off at  the bottom, that did not  represent  what  took 
place in ordinary  waterworks  filtration,  where the water  went slowly 
a t  a  regulated rate on  to  a large  area of sand and was, or should be, 
drawn off a t  a level not lower than  the  top of the sand.  The Author 
had used water  absolutely  free  from bacteria, but if he  had  had to 
deal  with  ordinary  water  he would not have  got  results that would 
have  given anything  like  a formula. What a  waterworks-engineer 
wanted to know was, given  a  certain class of water,  and as a rule a 
certain class of sand,  what was n reasonable rate of filtration  to 
set  up  the conditions of bacterial and vegetable  growth  on or near 
the surface of the sand,  which, in slow filtration a t  any  rate, were 
looked upon  as the  true filtering-medium, the sand  being  only the 
vehicle. I n  one part of the  Paper  the  Author spoke of the  danger 
of the '' creep " of water down the air-pipes in  the middle of the  sand, 
but Mr. Macaulay thought  there  must have  been  much  more danger 
of that round the side of the Author's  experimental  filter.  Each case 
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m .  ~ ~ I n c m l a y .  had to be dealt  with  according  to the conditions. At  Frankley  there 
had  been  filters  with the sand  reduced to a  thickness of 11 inches, 
and  in one case 9 inches, owing to circumstances  over  which there 
was no control. The  water was delivered  from  those filters as pure 
and good bacterially as if it had  gone through 2 feet 6 inches of sand. 
The wrater-which  was not very  bad to  start with-was filtered a t  
a regular rate never  exceeding 450 gallons  per  square  yard  per 
24 hours, or 2 * 06 gallons  per  square  foot  per  hour. Any  alterations 
in  the  rate of atration necessitated  by  variations in  the demand were 
spread as far as possible over the whole of the filters in operation 
at   the time, so as to minimize the objectionable effects of sudden 
changes on any  individual filter. The works a t  Frankley  had been 
in operation for about 44 years, and  during  that  time  the  quantity 
of water used for washing the sand  had  been  almost  exactly 0.3  per 
cent. of the  total  quantity filtered. He was afraid  he  must excite 
Mr. Lowcock's envy by saying that  the sand was  washed at  an 
average cost of 64d. or 7d. per cubic yard.  Half an inch of sand was 
scraped off, washed, and stored, and  the bed  was reduced  by succes- 
sive scrapings until a safe minimum was reached.  The  sand was 
then replaced  by  trenching, the clean  sand  being placed in  the 
bottom and  the unwashed  sand  on the top, so as to  start  with  a 
bacterial  layer. For washing they used  a  combination of the 
trommel  and ejector, the combination  using  about 70 gallons  per 
cubic  foot of sand washed. With regard  to  the  remarks  about 
air-pipes, he  did not see the  utility of such pipes, and could not con- 
ceive of the  air being  forced down  by the  water  to  the bottom of the 
filter  to  get  into  the air-pipes. He thought  that  with careful filling, 
especially filling from the bottom, there  ought  to be no  disturbance 
of the sand. At Frankley,  when  scraping the filter, the  water 
was drawn  no  lower than was necessary to give a firm  footing on 
the sand. When  the filter had  to be  lowered right down in order 
to resand it, it was always filled from the bottom.  Except  on 
one occasion, when the surface of the  sand became frozen, he was 
certain  there  had been  no  disturbance of the sand,  and  he 
believed the  air-pipes had  never  themselves come into operation as 
such.  The  risk of leading the water down in  the way indicated 
in  the Paper could  be  overcome by putting  the  air-pipes inside the 
walls, or something of that  sort ; but  there was a certain  risk con- 
nected  with  them, and he  did  not  think it should be neglected 
altogether. As a rule, the  air-pipes opened  on a level with,  and 
very  often  just  under,  the  coping;  they were a direct means of 
communication  with the filtered water, and  there was thus  the 
possibility of undesirable  bacteria getting  directly  into  the  filtrate. 
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Mr. E. M. EATON remarked that he was very  largely  responsible D.c~. Eaton 
for many of the  earlier observations taken  in connection  with the 
Sheffield waterworks, and  he  might be able to give a little useful 
information  with  regard  to  one or two  points that had arisen  in  the 
discussion. Mr. Lowcock had  referred  to the effect of the sun’s rays 
in  evaporating  water  from the surface, and  there was no  doubt that 
that  and  the action of the wind  constituted practically the main 
causes of evaporation. Mr. Lowcock,  however, had  suggested that 
the  rainfall was an  unimportant factor. With  that view Mr. Eaton 
could not agree, and  he  thought  he could  dispose of it by reference to 
the year 1887, the year of minimum rainfall  in  the  north of England 
and  in  fact over a large part of England. In that year the standard 
rain-gauge a t  Sheffield  showed a little over 24 inches of rain,  and no 
water wa,s lost by  floods except  such as was measured over the mill- 
gauge and  therefore was capable of accurate  determination.  The 
loss by evaporation and absorption was just over 12 inches, The 
year was one of the  hottest known, and if there  had been  more rain 
there would inevitably  have  been  more  evaporation.  Evaporation was 
the  joint effect of rainfall  and of the  action of the sun’s  rays : it was 
not correct to say that  the sun’s rays were the sole cause of evapora- 
tion, because if rain did  not fall, evaporation  could  not  take place. 
That one year  alone was quite  sufficient  to dispose of that argument. 
No doubt the measurement of flood-water was very important,  and 
the action of the Sheffield Corporation in regard  to  this  matter 
should  be cordially approved; but waterworks-engineers  were not 
concerned  only  with the  results over a  long  period,  when there 
were floods and  large  quantities of water  were  lost as flood-water. 
They  wanted quite as much to know the  quantity of flood-water 
as to know  what the evaporation was; but for  waterworks  purposes 
they  wanted  to  ascertain  the  figure that was the  test of water- 
works-construction in  the  matter of reservoir-making,  namely, 
the  quantity of water that could  be obtained during  the  driest 
three consecutive years. That was the  quantity whereby  storage- 
reservoirs  could be designed  usefully and economically, and at 
Sheffield it had  been  ascertained beyond the possibility of dispute. 
There,  during the  driest  three consecutive years, every  drop of rain 
that fell  had  been  stored ; and  no  water had run  to waste during 
that  time  that  had  not been  measured. The only loss during the 
three consecutive dry years 1863-5 mm a small quantity which went 
over the mill-gauge and was measured.  Therefore it was known by . 
actual  measurement that  the loss  by evaporation and absorption was 
15 inches. Mr. Marsh’s  observations set  out  in  the Tables came 
within a fraction of an  inch of that figure. Therefore,  from 
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N ~ .  Eaton. individual years, from three consecutive dry year:;, and from  a 
long period of time,  the  evaporation  and  absorption figure came 
out at  15  inches;  and accordingly,  for  a drainn:,.c-:wea of the 
character of that of Sheffield, and  under  like  conditions,  15  inches 
might safely be accepted  as the loss to be deducted when making 
calculations. With regard  to  the consumption, Sheffield had had 
rather  a curious  experience. Down to  the  year 1869 it had an 
intermittent  supply,  and  in 1869  a  constant  supply became 
imperative. Under  the provisions of an  Act of Parliament  this was 
introduced,  with  the  result that owing to defective taps  and  fittings 
the consumption  rose  from 21 gallons  per  head to more than 40 gallons, 
resulting in  the emptying of the reservoirs and  failure of the supply. 
At  the beginning of 1870, after a  heavy fight involving an 
expenditure of about $4,000, and  a  total  expenditure by all the 
Parties concerned of over $7,000, a code of regulations was 
obtained,  on the advice of the  late Mr. Thomas  Hawksley, Past- 
President Inst. C.E. ; the fittings  were  put in proper  order,  and the 
consumption  gradually fell to  the remarkable figures given in  Mr. 
Marsh’s  Paper.  The  maintenance of that figure was an exceedingly 
satisfactory  thing  to  him, because he  relinquished  control of the 
Sheffield works in 1896 and at  that time  he had  got the consumption 
well down. It should be remembered that for  the purposes of com- 
parison it was the domestic,  unmeasured  supply that had  to be taken 
into account. It did not  matter  in  the  least what was supplied for 
trade purposes by meter, because that was measured and paid for 
itccordingly. The  important  thing was the unmeasured  supply, and 
that had  diminished to 1 2 i  gallons  when  he left Sheffield. By the 
careful  superintendence of Mr.  Marsh  and the adoption of efficient 
inspection it had been reduced still more, to a figure which Mr. 
Eaton, as an engineer who had  made the  distribution of water the 
main  study of his  engineering life, appreciated  greatly.  There was 
no difficulty in maintaining it, if only  care was taken  that  the  fittings 
were in every case of the highest class and  that regular  and 
systematic  inspection was part of the ordinary  routine of manage- 
ment. On the  question of storage Mr. Marsh  asked  whether or 
not  storage in excess of the  driest  three consecutive  years  might not 
usefully be applied in  certain cases, and he thought Mr. Marsh was 
right. Before  leaving Sheffield he  made  investigations  in  connection 
with  the waterworks  there, and he  had  acted  upon the  results  in  his 
professional  work since. The  conclusions  he  arrived a t  were  very 
easily remembered,  being  simply  a series of figures, The  portion 
of the  rainfall which  could be stored  for  three  consecutive  dry  years 
was four-fifths of the average over a long cycle of years-of what 
might be  called the  true average. To carry the storage  over 4 years 
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the  fraction would  be five-sixths and over 5 years, six-sevenths ; the Mr. Enton. 
sequence  being 3, 4, 5 ; 4, 5, 6 ; 5, 6, 7, which was easily remem- 
bered. With regard  to  the  filtration of water  and  not keeping the 
back pressure  upon the sand in  the filter-bed, as referred  to by 
Mr. Hennell,  there  had been  a striking  instance of the absolute 
failure of what Mr. Hennell  had suggested in  the case of the 
Newcastle and Gateshead  waterworks. Under  their old Act  the 
Newcastle and Gateshead  Waterworks  Company were  compelled to 
filter  their water, and  a former President of the  Institution, Mr. 
John  Frederick La Trobe  Bateman,  built  works a t  Throckley-on-the- 
Wall  for  the purpose of carrying  out that filtration.  The  area of 
the filter-beds proving  to be insufficient, the outlet-nozzles  were 
taken off, and  the  water was  allowed to  run  through  the beds 
precisely in  the way Mr. Hennell  had  described. He himself  saw 
the water  going through  the filter-beds in  that way, and  he was 
bound to  say  that  the  last  state of that water was infinitely worse 
than  the first. It was so bad that,  in self-defence, after  the lapse of 
a few years, the Newcastle and Gateshead  Company  went to  Parlia- 
ment  for  entirely new  works, which had  been  carried out on the 
modern  system by Mr. Charles  Hawksley. 

to  the regulations to which Mr. Eaton had just  referred, that  the 
inquiry  in  the years 1869-70 oocupied 13 days  before  two  magistrates 
of the Borough of Sheffield, and  thirty witnesses  were examined- 
an indication that  the  inquiry was fairly  exhaustive. He  ventured 
to differ from Mr. Hennell as to  the  clear-water  tank ; he  thought 
a clear-water tank was of great service, inasmuch  as it allowed the 
filters to continue filtering steadily  throughout  the  day  and  night, 
thus preserving  a  steady flow of water  through  them,  which 
enabled  them to do more work than  they otherwise could  do, and 
therefore  reduced the required filter-bed area  and  consequently 
the capital  expenditure.  Reference  had been made to  three con- 
secutive dry years, and he thought it was important  to bear in 
mind that it should be the driest three consecutive years, because  of 
course there  might be other  three consecutive  years which, though 
dry, were  not the  driest. 

With regard to Mr. Baldwin-Wiseman’s Paper, of course work 
on  a practical scale  could not be done in  the same  minute  manner 
in which it was  possible to  carry  out  filtration  in  the  laboratory ; 
but while the  Paper was, as  had been said, academic, there was a 
great  deal of information in it which  would  prove very useful, as 
indicating  the direction in which engineers  should  strive, not only 
in designing filtration-works, but also in carrying  out  the  operations 

Mr. CHARLES HAWESLEY, Past-President, observed, with  regard Hawksley. 

a 2  
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m * .  Hsmkdey. of filtration.  The  chemical  treatment of water was beginning to 
make way where  sterilization of water  had  to be adopted,  although 
in some instances, he  thought,  its  adoption was merely  as  a  safe- 
guard  against  what was called “ potentiality ” of pollution. There 
was potentiality  about  everything,  and if that had  to be taken  into 
account,  all  water  must be sterilized, however  good or well-filtered it 
might be. That was a  theory  with which he could not agree. The 
neutralization of acidity  in water,  with the object of preventing 
its  action on lead, had been successfully carried out at  the Midhope 
reservoir of the Barnsley  Corporation Waterworks by means of an 
apparatus  similar  to  that described in Mr.  Marsh’s  Paper. 

Air. Hunier. Mr. WALTER HUNTER remarked that  the  Paper on the Sheffield 
waterworks was valuable, as showing  what could  be done by good 
administration. It was a  wonderful thing  to reduce the  quantity 
of water  supplied  per  head  per  day  from the 40 gallons  mentioned 
by Mr. Eaton down to the 12 gallons stated  in  the  Paper. He 
always felt very  strongly  on that point, because he  happened at  one 
time  to be the engineering  director of a  company  which was rather 
a sinner  in  that way-one of the  late London  water-companies, the 
Grand  Junction. I n  1895 that company was supplying  about 
49 6 gallons  per  head per day, and  a  great many excuses were 
made, people stating  that  the  district was unique  owing to so 
many  hotels and clubs  being  within it, each  hotel or club  having a 
population of about 1,000 or 1,100 per  day,  whereas  such  buildings 
were put down in  the statistics  as  containing  seven  persons. Also, 
in part of the  district supplied-Mayfair,  one of the most aristo- 
cratic  districts  in London-a  good many  members of both  Houses 
of Parliament were  living,  and it was said that if there were any 
interference  with  their  supply,  the  company would have  trouble  and 
would never get  a Bill through  Parliament ! Shortly  after  taking 
over  charge of the concern,  he became convinced, and convinced 
the  other directors, that something  should be  done, and in l898 they 
started a system of Deacon  mater-meters followed  by inspection. 
It was the inspection that did the work, but  the Deacon meter 
showed where to look for  waste,  and  he thought it considerably 
reduced the cost of the inspecting staff. The  consumption was 
reduced  from 49 6 gallons  per  head  per  day in 1895  to 36 gallons 
in 1903. He mentioned  those figures because he was anxious that 
younger  members of the profession should see what  they really 
meant. I n  1903 the company supplied 90,000 persons  more than 
it had  been  supplying in 1895,  yet  distributed 2,252,000 gallops 
per  day less. The  same  works that supplied a population of 387,372 
under  the conditions of 1895 could supply  533,866 in 1903 without 
spending  sixpence  upon  capital in  the shape of pumping-power, 
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reservoirs, or plant,  the only  additional  expenditure  necessary  being Hr. IIunter. 
for  the service-pipes. That meant  primarily  a  large  reduction  in 
the coal-bill. For instance, in 1901 the  quantity of coal  used  was 
17,649  tons, and  in 1903 it was brought down to 14,321 tons, a 
decrease of 3,328  tons,  resulting in a  saving of X4,776 per  annum, 
of which  %1,700  was due to reduction  in  price of the coal  used, and 
%3,000 to the use of less coal. But  that was not  the whole effect. 
The  result was also to give  a  longer  life to  the company’s works ; it 
enabled the same  works to give the increased  supply  without any 
additional  expense  for  works or pumping-power. It was very  satis- 
factory bo see that  the rainfall observed a t  Redmires confirmed the 
rule of deducting 20 per cent. from the average in order to obtain 
the available  rainfall  on the average of the driest  three  consecutive 
years, and  with Mr. Eaton  he welcomed the  fact  that  the Sheffield 
Corporation would continue  the records and indeed  expand  them, 
because they would  be very  useful to engineers. 

Mr. Baldwin-Wiseman’s Paper on  filtration was a  suggestive one. 
Sedimentation  had  been  shown to be of great value. He did not 
know  whether  members  generally  were  acquainted  with the admir- 
able  Reports  presented  to the Metropolitan Water Board by Dr. 
Houston. Dr. Houston  stated that storage, if sufficiently prolonged, 
devitalized the microbes of water-borne  disease ; that  an adequately 
stored  water was to be regarded as  a safe water;  and  that  the use 
of stored  water  went far  to nullify the  gravity of the charge that 
the chief sources of London’s water-supply  were  sewage-polluted 
streams. That showed that  the  right course was taken when the 
Shines reservoirs  scheme was introduced  some  years ago. Although 
the reservoirs were primarily for storage, sedimentation was not lost 
sight of, and it was stated at  the time  by  Sir Frederick  Bramwell 
and Mr. Thomas  Hawksley that storage would have the effect of 
gradually  improving the water, as Dr. Houston had  since so clearly 
proved. Mr.  Baldwin-Wiseman  mentioned that  in 1884 the eight 
London  companies  had  storage-capacity  for 1,290 million gallons, 
while the Metropolitan  Water Board in 1908  had  storage-capacity 
for  8,913  million gallons. Anyone  looking a t  those figures cursorily 
would imagine that  the companies  had  done  nothing  towards this 
result.  As  one who had  been  responsible to  a  certain  extent  for 
some of the companies’  policy he would like to point  out that  the 
Local Government  Board in 1904, at   the time  the companies  were 
handed  over  to the  Water Board,  reported as follows :- 

“We have in our previous  reports  referred to  the necessity of providing 
additional  reservoirs  for the storage of water for metropolitan use, and  the Royal 

1 Thirty-Third  Annual  Report of the Local Gorernment  Board(1903-4), p. 181. 
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Mr. Hunter.  Commission  on metropolitan  water  supply, presided  over  by Lord  Balfour,  in  their 
report  made  in  1893  pointed  out  the  advantages that would  be thus obtained. 

“ Considerable  progress  has  been  made in  this  direction  during  the  last  few  years, 
the  total  amount of storage in  the Thames  valley  having  been  increased from 
496 million  gallons in 1892 to 6,696  million  gallons in 1903 ; and Mr. Perrin 
reports  that,  when  the  new  reservoirs now in course of construction  and  those 
authorised by Parliament  have  been  completed, the companies  (other than  the 
East London)  deriving  supplies  from the Thames  will  possess  storage  capacity 
of upwards of 6,900  million  gallons.” 

AS he  noticed that a  somewhat  similar statement was made in 
the Local  Government Report  for 1908-9 he  thought it W= only 
just  to  those who had  been  responsible for the water policy of 
London up  to  the  time when the works  were  given  over to the 
Metropolitan Water Board, that  that fact should be stated.  The 
filtering-area in 1903 was 140 acres. He  quite acknowledged the 
great work  which the  Metropolitan Water Board  had  done and 
were  doing in  regard  to  the water-supply of London,  and  he  was 
sure everyone wished them well through  any difficulties which might 
lie  before  them. In  regard  to  the question of filtration  generally, 
it appeared to him that slow filtration was what was  needed, and 
that  the sand  must be of a  certain degree of fineness. Given that 
quality of sand,  and given also storage  and special treatment  for 
certain  waters, it was  now  possible to  say  that  nearly  all classes of 
water could  be rendered  potable. 

Mr. Macaulay. Mr. MACAULAY wished to correct an error  into which  he had 
fallen. He  had stated  that  at Birmingham the sand was  washed 
for 64d. or 7d. per  cubic  yard,  overlooking the fact that  the  Paper 
included  replacing it in  the  beds:  that, of course, meant that  the 
figure would  be more like Is. per cubic yard. 

Mr. Marsh. Mr. MARSH, in reply, remarked that Mr. Eaton  and Mr. Hhnter 
had  already  dealt  with the question of the domestic  consumption, 
and  he need not go further  into  that.  The  number of waste- 
water  inspectors employed in Sheffield  was sixteen. With regard 
to  the age of the mains, the 33-inch  main  had been in use about 
5 years  when the  test was made, and  part of the  length of the 
24-inch  main  had also been in use  for that number of years, while 
part of i t  had  been  laid for 25 years, but had not been used. It 
was found a t  Sheffield that nodules of peroxide of iron  formed 
very  quickly in  the pipes, and  the wisest  course was to  take n 
mean  between the coeficient for clean pipes and  the coefficient for 
incrusted pipes. There  were  two  things  he wished  especially to 
refer  to,  the  first  being  the question  whether  evaporation and 
absorption could  be expressed  as  a  percentage of the rainfall. 
Several  speakers seemed to  think it was  impossible. The statistics 
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he  had  given  were  not  quite  as reliable as  they  might have been Mr.Marsh. 
if  clock recorders  had been registering the flow throughout  the 24 
hours, but  he was inclined to  think from the records that  the evapora- 
tion  and absorption  over an average of years would approximate  very 
closely to two-fifths of the rainfall. Mr. Silcock’s figures with  regard 
to Leeds  bore out  fairly well what  had  been said with  regard to 
Sheffield. Even  although Mr. Silcock did  not  agree  with  him,  his 
figures seemed to show that  the evaporation and absorption at 
Leeds was about two-fifths, as it had  been  found to be at  Sheffield. 
The figures quoted by Mr. Baldwin Latham for 1903 also gave an 
evaporation  and  absorption closely approximating  to  two-fifths of 
the rainfall.  This  estimated  ratio  might be approximately correct 
for  gathering-grounds  on the eastern  flanks of the  Pennine  range, 
but  the available  records  were insufficient to prove this. An  average 
had  been wittily described as the one  condition which probably  never 
obtained, but  its  value  to  an engineer was unquestionable. Mr. 
Ernest  Hill had  analysed some of the figures for the year 1901, 
and  had  found that for the 29 weeks of drought, the evaporation  and 
absorption  amounted to 73 per cent. ; during 21 weeks to 81 per 
cent. ; during 9 weeks to 75 per cent. ; and  during 4 weeks to 76 per 
cent.  That seemed to show, for those  periods a t  any  rate,  that  there 
was some  fairly definite ratio between  evaporation and absorption 
and  the  rainfall.  The  matter  as complicated by there being  two 
factors-evaporation and absorption.  He believed they  acted in 
different ways. When  rain fell at   the end of a  drought it flowed OB 
the  surface;  the  ground absorbed  a  certain  amount, and  after  the 
ground was saturated  nearly  the whole of the  fall  went  into  the 
reservoirs or to waste, and  therefore  after  the  break-up of a 
drought  the evaporation and  absorption were  no  doubt  very much 
less than  during  the  drought itself, and it was very clifficult to 
separate  the two. It would  be very  useful if other engineers could 
keep  records  similar to those kept  in Sheffield, as  thus  a decision 
might  eventually be come to as to whether the evaporation  and 
absorption could  be expressed  as  a  percentage of the  rainfall.  The 
other  matter  to which  he wished to refer was the action of water 
upon lead. Mr. Lowcock thought it was  much better  to depend . 
on a machine than on  a bed  of limestone or chalk in the filter- 
beds, but Mr. Marsh could not  agree  with  that. I n  Sheffield they 
had  done the best possibIe under the circumstances, there having 
been  no filter-beds at  that  date;  but it was  difficult to  get  the 
water  to  take  up  the chalk.  Chalk, he believed,  was insoluble  in 
water ; it was only the presence of certain  impurities,  probably acids, 
in  the  water  that enabled it to  take  up  the chalk or lime and neutralize 
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JIr. Vsrsh. the action of the water  upon lead. However much chalk was put 
into  the water, the water would ol~ly  take  up  what it required. As 
far as that was concerned the process  was satisfactory, but  there was 
always the danger that a deposit of chalk  might  form in  the mains, 
which was not desirable ; and  that objection was removed  when  lime- 
stone or chalk was put  underneath  the  sand of a filter-bed, so as  to 
protect it from  the film of peaty  matter, which,  as Mr. Baldwin 
Latham  had pointed out,  very  quickly  destroyed  any  solvent  action. 
Mr. Eaton had tried it a t  Barbrook, and Mr. Marsh  thought it had 
been  previously tried on  his  advice a t  Barnsley  and  found to answer 
very well. In   the new filter-beds being  made a t  Langsett  a  foot of 
chalk was put beneath  the  sand,  and  he  had  no  doubt  that would 
answer  equally well. With reference to  the increase of storage, he 
did not  think  the records a t  Sheffield were quite  accurate  enough to 
supply data  to go upon,  but  from  the experience of past  years  he 
thought  that when it became more and more difficult to obtain  a 
water-supply it would probably be  economical to provide  for the 
available  yield  over  a  period of four  consecutive dry years, instead 
of three. In   the case of Shefield it might  have  been possible to 
increase the storage by one-tenth,  without really increasing the cost 
of water  per  1,000 gallons, by  raising the banks  about 4 feet.  The 
by-wash and  the mass of the work would have cost the same  as 
before. With regard  to  the  date a t  which the  apparatus  for  neutra- 
lizing the action of water  upon  lead was  fixed a t  Sheffield, he  found 
that it was erected and  brought  into use in  June, 1892,  whereas that 
at  Bradford was brought  into use in 1893. He mentioned that merely 
as a matter of record. Both  Bradford  and Sheffield  were attempting 
to deal  with the same difficulty a t  the same  time, and it was purely 
accidental that Sheffield happened to be a  year  ahead of Bradford. 
Mr. Lowcock had  referred  to an  apparent inconsistency in  the 
figures given  for the year  1901 in Tables IV and 11. Table IT, as 
printed  in  the proof of the Paper,  dealt  only  with  the  period of 
drought  extending  over the 29  weeks from the 27th  April  to  the 
9th November, but he would extend  this Table to cover the whole 
year. It was  obvious from the Table that, as Mr. Lowcock had 
pointed out,  the figures for  evaporation  and  absorption  for  either 
weeks or months  were  somewhat  misleading,  as the catchment-area 
would often yield more  water  during such a period than could 
actually be accounted  for  by the  rainfall. I n  this  particular year 
the same  objection  applied to  the 12 months,  as  in  the extended 
Table it would  be seen that, owing to  the large yield during  the 
earlier  and  the  later  months of the year, the evaporation and 
absorption  for  a part of the year  actually exceeded the difference 
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between the rainfall  and the yield  over the whole. Mr. Lowcock, in Mr. 1::wsll. 

dea,ling with the storage  provided for the Redmires  watershed,  had 
obviously not  taken  into account the compensation-water.  This, 
unfortunately,  had been agreed  upon a t  a  time when the subject 
had  not been thoroughly  investigated  and  understood,  and half the 
estimated  yield  had  been conceded, instead of the usual  one-third. 
Taking  into  account  both  the  large  quantity given as compensation 
and  the supply to  the town, it would  be found that  the storage was, 
if anything,  rather below than above the usual  provision ; but  the 
high-level  supply was available over the whole district,  and it had 
been possible to  arrange  this supply so as  to allow for the small 
shortage of storage. With regard  to Mr. Macaulay’s remarks  as  to 
the gathering-ground  and  rain-gauges, Mr. Eaton had  previously 
dealt  with  this  matter  in  the discussion  on Mr. Ernest Hill’s 
Paper.’ I n  connection  with  continuous  measurement and recording, 
the water flowing to waste would  be measured below the embank- 
ment,  as  the difficulties of obtaining  any reliable measurement  over 
a  broad-crested  weir exposed to  the action of the wind  were con- 
sidered prohibitive. There would in  the  future be three rain-gauges 
on the Redmires  area, six on the Loxley  Valley area,  and  ten  on  the 
Little Don Valley  area, which should prove sufficient for  estimating 
the  rainfall accurately. 

square  foot  per  hour would meet the objection  raised by Mr. Rutter 
as to  the way in which the measurements  were stated,  as it merely 
necessitated multiplying by 12 to give the inches  for each square 
foot of surface. Except in one passage on p. 21 where “gallons  per 
square  foot  per  hour ” occurred in  a  statement  quoted  from  thereport 
of a  Royal Commission made some years ago, the flow was expressed 
throughout  the  Paper  in cubic feet per  square  foot  per  hour. Mr. 
Baldwin Latham had  objected t o  the  purity of the  water, from the 
Southampton  Corporation  waterworks, which he  had used in his 
experiments. He was very  sorry that he  had  been  unable to  get 
water of a less de’gree of purity,  but  his  main  point was that  the 
action of filtration was not  merely the  result of the fineness of the 
sand,  but also of its roughness : the roughness  would  vary, of course, 
with  the  different  materials,  and  he  had expressed that variation in 
retentiveness as the thickness of an ideal film round  each  grain. At 
the back of the whole principle of filtration  there was not only the 
surface  friction,  but also some sort of instability,  both chemical and 
biological, in  the behaviour of matter  in  solution or in suspension, 

Mr. BALDWIN-WISEYAN, in reply, thought  that cubic feet  per Mr. E:tldwin- 
Wisemnn. 
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Mr. Baldmin. when  spread out  in  thin films over surfaces, or flowing in fine fih- 
Niaemsn. ments  through  interstitial capillaries of constantly  varying cross 

section;  and  that  point of view had  governed the whole research. 
Mr. Lowcock had seemed to imply that  the bed  was drained to 
the very  bottom, but  he hoped he  had not conveyed that impression 
by any paragraph in  the  Paper. Mr. Lowcock had also questioned 
the figures as to cost on p. 41, and had  asked  for the amount of 
sand washed per  million  gallons filtered. As stated  in  the  Paper, 
the cost of washing  varied  considerably,  owing to a variety of 
circumstances, but  that given was correct  for certain works ; as to 
the  latter  point a considerable amount of data was available, but 
generally the practice  varied so much in different  parts of the 
country, in regard to  the relative  degree of cleanliness demanded, 
the periods of storing  and washing, and  the  apparatus used for 
washing, that no figure likely to form a reliable basis of comparison 
could  be arrived  at.  With  regard  to  the  terms “ oxidation ” and 
“oxygenation,” they occurred in two  distinct paragraphs, and  he 
had  not  anticipated  that  anyone would run  the two  together. 

Dr. Rides]. Dr. RIDEAL  pointed out  that  the  addition of the words “of  the 
organic  matter ” in  the second sentence would make it quite correct. 

Mr. Baldwin- Mr. BALDWIN-~ISEMAN agreed. With regard to  the creeping in 
Wiseman. 

the experimental  filter, it had been  said several times that  the  Paper 
was purely  academic. So also were the Lawrence experiments; 
but  he would add that,  the research  being  academic,  he  had  had 
an advantage  which  waterworks-engineers  had not,  and  that was, 
that his  experimental filter-bed was provided  with  pressure-gauges 
for each 6 inches of its depth. Had  there been any creeping of 
water it would have  been  detected a t  once by the pressure-gauges. 
The  gauges  were  watched  very closely, and if there was not a 
difference in  the  reading of contiguous  gauges it was known a t  
once that something was wrong, and  the whole set of experiments 
in which  such  defect  occurred was discarded. 

Correspondence. 
Mr. Barham. Mr. H. G .  FOSTER BARHAM considered that Mr. Baldwin-Wiseman 

was to be congratulated  on  bringing  together in a compact form so 
much  valuable information upon a subject, the knowledge of which 
had  made great progress in recent  years ; and  more  particularly on 
his  exhaustive  and  ingenious  experiments  upon the flow  of water 
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